Although several noninvasive and easily accessible biomarkers for inflammatory bowel disease [IBD] are available, their sensitivity and specificity are not adequate to be used as single markers and do not overrule the need for endoscopic evaluation. We previously reported that serum leucine-rich alpha-2 glycoprotein [LRG] was a novel biomarker for rheumatoid arthritis and IBD. We herein investigated whether LRG could indicate endoscopic activity in patients with ulcerative colitis [UC]. Methods: Serum LRG concentrations were determined by enzyme-linked immunosorbent assay [ELISA] in consecutive 129 patients with UC in two tertiary care hospitals, and associations of LRG with clinical and endoscopic activities were evaluated. Clinical activity index [CAI] < 6 was defined as clinical remission, and mucosal healing [MH] and complete mucosal healing were defined as Matts' endoscopic grades of 1 or 2 and grade of 1, respectively. Results: Serum LRG levels were significantly increased and correlated with clinical and endoscopic activities in patients with UC. LRG levels were associated with both clinical and endoscopic activities even in patients with normal serum C-reactive protein [CRP] levels. Furthermore, LRG levels were significantly lower in patients with complete MH and deep remission. Serial measurements of LRG levels in a subset of patients demonstrated that LRG was significantly elevated during the endoscopically active stage compared with that during the MH stage. Conclusions: Serum LRG is a novel biomarker for detecting MH during disease course in patients with UC and a surrogate marker of endoscopic inflammation in patients with normal CRP levels.
Introduction
Inflammatory bowel diseases [IBDs] , comprising Crohn's disease [CD] and ulcerative colitis [UC] , are characterised by chronic and relapsing gastrointestinal inflammation with unknown precise aetiology, and the number of patients with IBD is increasing on a global scale. Recent therapeutic advances such as immunomodulators, calcineurin inhibitors, and biologic agents have altered the therapeutic goal of IBD from clinical remission to endoscopic remission. Critically, recent reports emphasised the importance of mucosal healing, as failure of mucosal healing was a major predictor of clinical recurrence. 1, 2 One of the clinical obstacles in IBD treatment is the lack of ideal biomarkers that successfully indicate the clinical course, therapeutic outcome, and mucosal healing. Endoscopy is the best modality to diagnose and monitor mucosal status of IBD patients, but cannot be frequently performed because of the cost, invasiveness, and potential risk of disease exacerbation. Therefore, clinical activity index [CAI] combined with several serological markers, such as C-reactive protein [CRP] , white blood cell count, and erythrocyte sedimentation rate, are widely used in the clinical treatment of IBD. Of these, CRP is an acute phase protein whose synthesis in the liver is stimulated by interleukin [IL]-6 3 , and it is the most widely used surrogate marker to monitor the clinical activity of IBD. 4 However, CRP does not always correlate with disease activity in patients with CD. 5 In addition, CRP may not always indicate disease activity in inflammatory diseases such as systemic lupus erythematosus and UC, in which inflammation is regulated mainly by cytokine[s] other than IL-6. 6 Therefore, serological markers such as CRP generally lack diagnostic accuracy needed for clinical decision making in patients with UC, and colonoscopy is still the mainstay of evaluation of disease activity.
We recently identified leucine-rich alpha-2 glycoprotein [LRG] as a novel biomarker for rheumatoid arthritis and IBD by using a proteomics approach. 7 LRG is a 50-kDa glycoprotein that contains repetitive sequences with a leucine-rich motif 8, 9 and is expressed not only by hepatocytes but also by neutrophils, macrophages, and intestinal epithelial cells. 10 Although the association of LRG with angiogenesis has been reported, 11 the precise pathophysiology of LRG for IBD has not been clearly elucidated. We previously showed that LRG was induced by IL-22, tumour necrosis factor [TNF]-α, and IL-1β, independently from IL-6. 7 We also reported that LRG is an effective serological marker for CD and UC. 10 An increase in serum LRG was also observed in other diseases such as rheumatoid arthritis, infection, heart failure, 12 and malignant diseases. 13 Moreover, our recent study clearly demonstrated an association between LRG upregulation and clinical activity of IBD, which was superior to conventional serological biomarkers. 10 However, comprehensive analysis of the correlation between serum LRG and endoscopic disease activity of UC has not been performed. Thus, we conducted a multi-centre study to analyse serum LRG levels and endoscopic activity of UC in patients to determine whether LRG was a surrogate marker for mucosal healing.
Materials and Methods

Subjects
In total, a consecutive cohort of 129 patients with UC was enrolled in this study at the Department of Gastroenterology and Hepatology, Osaka University Hospital and at Keio University Hospital between 2007 and 2014. In addition, 22 healthy controls, comprising 8 females with a median age of 34 [range, years, were recruited at the National Institute of Biomedical Innovation, Health and Nutrition. Patients were diagnosed with UC according to endoscopic, radiological, histological, and clinical criteria. 14, 15 Serum samples were collected from patients, and scores for clinical and endoscopic activity of disease were obtained by reviewing the clinical records of patients. Serum sampling and colonoscopy were performed within 30 days in 109 patients [84.5%] with a median interval of 7 days, and some patients with longer intervals between serum sampling and colonoscopy were also included in this study as they were clinically stable during this period [ Table 1 ]. The ethics committee at each hospital approved the study protocol, and written informed consent was obtained from all study patients.
Assessment of clinical, endoscopic, and histological disease activity of UC
Patients with UC were classified according to the extent of disease involvement as E1 [proctitis], E2 [left-sided colitis], or E3 [pancolitis] as described by the Montreal classification. 16 The clinical and endoscopic activities were determined using the Clinical Activity Index [CAI] 17 and Matts' endoscopic grading, 18 respectively. CAI of 6 or more was defined as clinically active, whereas CAI of less than 6 was defined as clinical remission. Mucosal healing was defined as Matts' grade of 1 or 2, 19 
Measurement of serum LRG levels
Serum LRG levels were analysed by enzyme-linked immunosorbent assay [ELISA] at the Laboratory for Immune Signal, National Institute of Biomedical Innovation, Osaka, Japan, as described previously. 24 In brief, genes of the variable regions of LRG-specific antibodies were cloned from rabbits immunised with purified recombinant human LRG protein and one of the cloned gene was inserted into an expression vector containing the constant region of human IgG. Two clones [huLRB0091 and rbLRB0048] were selected to construct a sandwich ELISA for the detection of LRG.
Statistical analysis
Differences between measurements and groups were tested with the Mann-Whitney U, Kruskal-Wallis, or Steel-Dwass test. Paired t testing was used to determine the level of significance of change in LRG levels over time during the clinical course of disease. A receiver operated characteristic [ROC] curve was generated by plotting the falsepositive fraction versus the true-positive fraction for every possible cutoff score, 25 and area under the ROC curve [AUC] was calculated. Multivariable logistic regression analysis was performed to investigate factors associated with the increase in LRG; p-values < 0.05 were considered as statistically significant. All analyses were performed using JMP ® Pro version 11 software [SAS, Cary, NC].
Results
Increased serum LRG levels in clinically active patients with UC
We first compared serum LRG levels between patients with UC in clinical remission and those with active disease. Patient characteristics are presented in Table 1 . The median age of patients was 44 [range, 20-75] years, and the majority of patients had extensive or left-sided colitis [83.7%]; proctitis was observed only in 16.3% patients. Consistent with our previous report, 10 serum LRG levels were significantly higher in patients with UC than in healthy controls [ Figure 1A ], and in clinically active patients with UC than in those in remission [ Figure 1B ]. When patients with UC were categorised into three groups according to disease location by the Montreal classification, 16 LRG levels were significantly higher in clinically active patients with UC having extensive and left-sided colitis than in those in remission [ Figure 1C ]. The LRG levels also tended to be higher in clinically active patients with proctitis than those in remission [p = 0.09].
We then determined LRG levels in 67 patients with UC whose CRP levels were within normal limits [≤ 0.2 mg/dl] and found that LRG levels were significantly elevated in clinically active patients with UC compared with those in remission [ Figure 1D ]. These data demonstrated that LRG levels indicated clinical disease activity even in patients with UC showing normal CRP levels.
Correlation of serum LRG levels with endoscopic disease activity in UC
We next assessed whether serum LRG levels were associated with endoscopic disease activity in patients with UC. As shown in Figure 2A , colonic mucosal inflammation significantly correlated with increased LRG levels. Increased serum CRP levels were also significantly associated with endoscopic inflammation; however, most patients with Matts' grade 1-2 did not have elevated serum CRP levels, and the degree of change in CRP levels across patients with different Matts' grades was small compared with that detected for LRG [ Figure 2B ]. Pair-wise comparison of changes in LRG and CRP levels across endoscopic disease grades by the Steel-Dwass post hoc analysis revealed that the p-values for between-grade changes were generally lower for LRG than those for CRP [ Figure 2 ].
We also found that serum LRG levels were significantly higher in patients without mucosal healing than in those who achieved mucosal healing [ Figure 3A ]. In addition, serum LRG levels were significantly higher in endoscopically active patients with UC having extensive and left-sided colitis than in those with mucosal healing, as shown in Figure 3B . The difference in LRG levels also tended to be higher in endoscopically active patients with proctitis than in those with mucosal healing [p = 0.09]. Moreover, among patients with UC showing normal CRP levels, serum LRG levels were significantly higher in those without mucosal healing than in those with mucosal healing [ Figure 3C ].
Recent comprehensive analyses indicated that achieving CMH was more critical to avoid disease recurrence. 26 We therefore assessed whether LRG could detect CMH in patients with UC by defining CMH as Matts' grade of 1. In patients with extensive colitis and left-side colitis, LRG levels were significantly higher in those without CMH than in those with CMH [ Figure 3D ]. Similar to that observed for mucosal healing [ Figure 3C ], in patients with normal CRP levels, LRG was significantly increased in patients without CMH compared with that in patients with established CMH [ Figure 3E ]. Moreover, when we defined deep remission as the presence of both clinical remission and mucosal healing, we observed that LRG levels were also significantly higher in those without deep remission than in those with deep remission [ Figure 3F ]. These data strongly indicated that LRG accurately detected both clinical and endoscopic activities in patients with UC. 
Efficacy of LRG as a serological marker for evaluation of mucosal healing in patients with UC
Given the potential role of LRG as a biomarker for clinical and endoscopic disease in UC, we next investigated its diagnostic accuracy in detecting mucosal healing in comparison with CRP. We compared the sensitivity and specificity of LRG with those of CRP by ROC curve and AUC analyses. As shown in Figure 4A , the AUC was similar between LRG and CRP in determining clinical remission by CAI; however, the AUC for LRG was higher than that for CRP for the determination of endoscopic mucosal healing [ Figure 4B ]. Moreover, the AUC was higher for LRG than CRP for the determination of CMH [ Figure 4C ] and deep remission [ Figure 4D ]. Collectively, these results demonstrated that, compared with CRP, LRG had higher sensitivity and specificity in determining mucosal healing in patients with UC. We further analysed the factors associated with the increase in LRG by using univariate followed by multivariate logistic regression analyses. We found that mucosal healing and CRP were independently associated with increase in LRG [Supplementary Table 1 , available as Supplementary data at ECCO-JCC online]. We also performed histological analysis for 45 patients. Furthermore, we obtained similar results with endoscopic analysis, showing that LRG levels in patients with histological healing are significantly lower than those in patients without histological healing [ Supplementary Figure 1 , available as Supplementary data at ECCO-JCC online]. These results strengthen our evidence that LRG is a biomarker for reflecting mucosal healing.
LRG as a biomarker to monitor mucosal activity during the clinical course of patients with UC
We next sought to determine whether changes in LRG levels reflected changes in endoscopic mucosal status during the course of disease in UC, by serial LRG measurements at two times in a subset of patients: when the disease was endoscopically active [Matts' grade of 3 or 4] and when the patient achieved mucosal healing [Matts' grade of 1 or 2]. A total of 38 patients were included in this analysis, and the median time interval between the two measurements was 396 [range, days. LRG levels were significantly higher at the time of endoscopically active disease than at the time of mucosal healing [ Figure 5 ]. Analysis of the relationship between the percentage decrease of LRG levels and establishment of mucosal healing in these longitudinally followed patients showed that none of the patients whose LRG levels were decreased more than 30% [0/17 patients] showed endoscopic worsening. In contrast, 71.4% patients [15/21 patients] whose LRG levels did decrease less than 30% exhibited endoscopic worsening. These results suggested serum LRG as a novel biomarker of mucosal status during the disease course of patients with UC.
Discussion
We have previously reported increased serum LRG levels in IBD, particularly in clinically active patients. This study clearly demonstrated that serum LRG levels were significantly elevated in endoscopically active patients with UC in comparison with those with mucosal healing. We also demonstrated serum LRG as a novel disease-monitoring marker that successfully detected endoscopic mucosal activity in patients with UC, and as a novel surrogate marker of endoscopic inflammation in patients with normal serum CRP levels. CRP is a widely used serum biomarker for the detection and monitoring of many inflammatory diseases. CRP also reflects inflammation in IBD, particularly in CD that shows transmural disease phenotype, and was reported as a biomarker for the detection of clinical and endoscopic activities. 4 CRP synthesis in the liver is induced by circulating IL-6. We previously showed that LRG levels were correlated with clinical disease activity even in clinically active patients with CD showing normal CRP levels. 7 Serum CRP may be a less effective biomarker in UC, performing as an indicator of superficial inflammation limited to the mucosa, and may not show systemic response related to circulating IL-6. 4 In this study, we also showed that LRG levels were increased even in clinically and/or endoscopically active patients with UC showing normal CRP levels. These results indicated that LRG was a useful biomarker for detecting IL-6independent inflammation that may not be detectable by CRP. We previously showed that LRG expression in intestinal epithelial cells was induced not only by IL-6 but also by TNF-α and IL-22, all of which were increased in sera of patients with UC. 10 LRG expression in intestinal epithelial cells that is induced by these cytokines might be a mechanism of the observed stronger association of mucosal inflammation with LRG levels than with CRP.
In the current study, we clearly demonstrated that the endoscopic activity could be accurately monitored by serial measurements of LRG in patients with UC. Due to the relapsing and remitting course of UC, frequent monitoring is occasionally necessary particularly after starting new therapy. Periodic monitoring is also necessary to avoid persistent chronic inflammation that can cause colorectal cancer. In addition to serum CRP, recent reports showed that faecal calprotectin was an effective biomarker for mucosal healing; 27 however, faecal samples have inherent associated problems such as limited quantitative capability and cumbersome sampling, which are not significant concerns for serum samples. Accurate detection of mucosal inflammation by a serum biomarker will facilitate the avoidance of frequent endoscopic procedures in patients. Our findings also showed that none of the UC patients with more than 30% decrease in LRG levels showed endoscopic worsening, supporting LRG as a reliable and beneficial monitoring marker to avoid frequent endoscopic evaluation and to efficiently assess therapeutic outcomes.
Recent reports showed that CMH with an MES of 0 was superior to MES of 1 in efficacy to predict recurrence. 20, 28 However, there are currently no surrogate biomarkers that can distinguish MES of 0 and 1, which are equivalent to the Matts' grade of 1 and 2. In the present study, we showed significant differences in the serum levels of LRG between patients with CMH [Matts' grade 1] and patients without CMH [ Figure 3D and E]. As the MES is more commonly used than the Matts' grade for assessing mucosal status, further analysis using both MES and Matts' grade is necessary to determine if CMH can be detected by changes in LRG levels. Moreover, an improved system with higher sensitivity is currently being developed, which will be critical in more precisely evaluating the extent and level of mucosal healing.
The current study has several limitations. First, this is a retrospective study with a small sample size, and patient backgrounds and treatments were heterogeneous. Second, analysis of the endoscopic activity was not investigated in a blinded fashion by multiple clinicians and was not performed with the more commonly used scoring systems such as the MES 21 or the UC-EIS. 29 Third, association of LRG with faecal calprotectin 30 was not investigated. Finally, the intervals in serial measurements of LRG were inconsistent across patients. Future studies are needed to determine the efficacy of LRG for UC in clinical treatment.
In conclusion, serum LRG is potentially more effective than CRP as a biomarker for detecting endoscopic activity in patients with UC.
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